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ABSTRACT
Objective: Typhoid fever is a major public health problem. A test which is simple, reliable and can be 
carried out in small laboratories is the need of the hour. We prospectively evaluated typhidot M and 
Diazo tests vis-à-vis blood culture and Widal test in children. Methods: Patients aged 6 months to 
12 years, having fever of more than four days duration with clinical suspicion of typhoid fever were 
enrolled. Patients in whom other diagnosis was made served as control. The tests under scrutiny 
were validated against blood culture and then all the four tests were evaluated among patients who 
presented in the fi rst week of illness. Results: Blood culture was positive in only 27.3% of the cases. 
Among these culture positive cases, typhidot M test had the highest sensitivity, specifi city, PPV and 
NPV of 90% (95% CI = 74.4-96.5), 100% (95% CI = 90.1-100), 100% (95% CI = 87.5-100), and 
92.1% (95% CI = 79.2-97.3) respectively. Diazo test ranked next with sensitivity, specifi city, PPV and 
NPV of 86.7% (95% CI = 70.3-94.7), 85.7% (95% CI = 70.6-93.7), 83.9% (95% CI = 67.4-92.9), 
88.2% (95% CI = 73.4-95.3) respectively. Among clinically suspected typhoid cases, the overall sen-
sitivity, of blood culture, Widal, typhidot M, Diazo was 27.3% (95% CI = 19.8- 36.3), 64.6% (95% 
CI = 55.3-72.9), 89.1% (95% CI = 81.9-93.7), 80.9% (95% CI = 72.6-87.2) respectively. In the fi rst 
week of illness, typhidot M showed the best sensitivity [86.2% (95% CI = 69.4-94.5)] followed by 
Diazo [79% (95% CI = 61.6-90.2)], Widal [41.4% (95% CI = 25.5-59.3)] and blood culture [31% 
(95% CI = 17.3-49.2)]. Conclusion: Both Typhidot M and Diazo are good screening tests for the 
diagnosis of typhoid fever. Typhidot M is superior to Diazo but the latter is more suitable to resource 
poor settings being economic and easy to perform.
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INTRODUCTION
Typhoid fever is a global health problem. Ac-
cording to the best global estimates approxi-
mately 600,000 deaths1 occur annually due 
to typhoid fever, majority of which occur in 
developing countries. The annual incidence 
rate of 980 per 100,000 has been reported in 
India.2 Most serotypes of typhoid infections 
are diagnosed purely on clinical grounds and 
treated presumptively leading to delayed di-
agnosis, emergence of drug resistance and 
missing other clinical diagnosis which could 
be mistaken as typhoid fever. Isolation of bac-
teria from blood remains the gold-standard 
for diagnosing typhoid fever. However this 
requires laboratory equipments and technical 
support which is lacking or limited in the pe-
ripheral health facilities in developing coun-
tries and the time taken for culture reports 
is rather long, usually taking about seven 
days. Hence, it does not contribute towards 
an early diagnosis. Moreover, widespread use 
of antibiotics in the community makes it dif-
ficult to isolate the bacteria from the blood 
even in true typhoid fever. The commonly 
used Widal test for diagnosis of typhoid fe-
ver needs to be interpreted with caution in 
endemic areas where anti-O and anti-H an-
tibodies are already present in the popula-
tion as a result of past subclinical infections 
with salmonella species, enterobacteriaceae, 
malaria, etc.3 Widal test is now regarded as 
inaccurate, non-specific, poorly standard-
ized and of limited diagnostic value.4-11 To 
overcome such limitations, several assays 
and serological tests have been developed 
but none is found optimal.12-14 A rapid sero-
logical/biochemical test to diagnose typhoid 
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fever accurately at an early stage is thus currently needed. 
Recent advances in immunology have led to the discov-
ery of more sensitive and specific markers of typhoid 
fever and hence newer serological tests like typhidot M 
has come up. A simple bedside test like Diazo which has 
served in epidemic situations in the past, should also be 
reevaluated for those working in remote health settings. 
This prospective study was, therefore, carried out to evalu-
ate the role of preexisting tests and newer diagnostic tests 
in the early diagnosis of typhoid fever.
METHOD
The study was conducted in the department of pediatrics 
Jawahar Lal NehruMedical College Hospital, a tertiary care 
hospital in the northern part of India. It was a hospital based 
prospective study which included 145 clinically suspected 
enteric fever cases. All children between 6 months and 12 
years of age with fever of more than four days having a clin-
ical suspicion of typhoid fever were enrolled and admitted 
to the hospital. The criteria for clinical suspicion were those 
already used by previous workers.15-17 Detailed clini-
cal evaluation was done and fi ndings were recorded on 
a standardized format. Complete blood count, smear for 
malarial parasite, urine and stool routine microscopy and 
urine culture were done in all cases. Other appropriate 
investigations like liver function test, lumber puncture, 
electrocardiogram, abdomen ultrasound were also done 
where indicated. The four tests Diazo, Widal, typhidot M 
and blood culture were done in all enrolled cases. Diazo 
test was performed by mixing 5 mL of urine with equal 
amount of freshly prepared Diazo reagent and then adding 
fi ve drops of 30% ammonium hydroxide. The mixture was 
shaken and the color of the froth was noted. Pink or red 
was taken as positive and all other as negative. The Widal 
test was performed by double dilution technique using sal-
monella antigens (Span Diagnostic Limited, Surat, India). 
The antibody titer was considered positive at H and O titer 
of > = 200 and > = 100, respectively. For typhidot M the 
kit manufactured by Malaysian Bio-Diagnostics was used. 
Blood culture was done by inoculating 5 mL of blood im-
mediately in a culture bottle containing brain heart infu-
sion with 0.025% sodium polyanethol sulphonate. The 
culture bottles were then examined at different stages, 
subcultures done and positive colonies identifi ed. Children 
in whom an alternative fi nal diagnosis was made served as 
control. The remaining were labeled as “clinical typhoid” 
cases which was further divided into culture positive and 
culture negative groups. The study protocol was reviewed 
and approved by the Institutional Ethical committee. The 
statistical analysis was done using SPSS version 10.0. Sen-
sitivity, specifi city, positive predictive value and negative 
predictive values were calculated for each test.
RESULTS
One hundred and forty-fi ve cases were enrolled in the study. 
The 35 cases in which an alternative diagnosis was made served 
as control. The remaining 110 were labelled as clinical typhoid 
cases of which 30 were blood culture positive and 80 were nega-
tive. In the control group ten were diagnosed as malaria, four 
as tubercular meningoencephalitis, fi ve as lobar pneumonia, 
two as chronic liver disease, fi ve as pharyngotonsillitis, one as 
pyogenic meningitis and eight had blood cultures positive for 
organisms other than typhoid.
Among the 30 culture positive cases, the typhidot M test 
was positive in 27 cases giving sensitivity, specifi city, positive 
predictive value (PPV), negative predictive value (NPV) of 
90%, 100%, 100%, 92.1% respectively (Table 1). The Diazo 
test was found to have sensitivity, specifi city and PPV of 
86.7%, 85.7% and 83.9% respectively and Widal test was 
positive in 12 cases giving sensitivity, specifi city and PPV of 
40.0%, 91.4%, 80% respectively. On comparative evaluation 
of all the tests for the entire cohort of 110 clinical typhoid 
Table 1. Diagnostic parameters of various tests among culture positive cases (n = 30)
Diagnostic tests
 Sensitivity % Specificity % PPV NPV
 (95% CI) (95% CI) (95% CI) (95% CI)
Widal test*
 40.0 91.4 80.0 64.0
 (24.6-57.7) (77.6-97.0) (54.8-92.9) (50.1-75.9)
Typhidot M test**
 90.0 100 100 92.1
 (74.4-96.5) (90.1-100) (87.5-100) (79.2-97.3)
Diazo test***
 86.7 85.7 83.9 88.2
 (70.3-94.7) (70.6-93.7) (67.4-92.9) (73.4-95.3)
* positive Widal in cases = 12, positive Widal in controls = 3
** positive typhidot M in cases = 27, positive typhidot M in controls = 0
*** positive Diazo in cases = 26, positive Diazo in controls = 5
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fever cases (Table 2), the typhidot M was positive in 98 of them 
giving the sensitivity, specifi city and negative predictive values 
of 89.1%, 100% and 74.5%, respectively, while that of blood 
culture was 27.3%, 100%, and 30.4% respectively. The Diazo 
test was positive in 89 of 110 cases and hence had sensitivity 
and specifi city of 80.9% and 85.7%, respectively. Among the 
culture negative typhoid cases (Table 3), typhidot M test was 
Table 2. Diagnostic parameters of various tests for the entire cohort of clinically suspected typhoid fever cases 
(n = 110)
Diagnostic tests
 Sensitivity % Specificity %  PPV %  NPV % 
 (95% CI) (95% CI) (95% CI) (95% CI)
Blood culture#
 27.3 100 100 30.4
 (19.8-36.3) (90.1-100) (88.7-100) (22.8-39.4)
Widal test*
 64.6 91.4 95.9 45.1
 (55.3-72.9) (77.6-97.0) (88.8-98.6) (34.1-56.6)
Typhidot M test**
 89.1 100 100 74.5
 (81.9-93.7) (90.1-100) (96.2-100) (60.5-84.8)
Diazo test***
 80.9 85.7 94.7 58.8
 (72.6-87.2) (70.6-93.7) (88.2-97.7) (45.2-71.3)
# positive blood culture in cases = 30, positive blood culture in controls = 0
* positive Widal in cases = 7 1, positive Widal in controls = 3
** positive typhidot M in cases = 98, positive typhidot M in controls = 0
*** positive Diazo in cases = 89, positive Diazo in controls = 5
Table 3. Diagnostic parameters of various tests among culture negative cases
Diagnostic tests
 Sensitivity % Specificity %  PPV %  NPV % 
 (95% CI) (95% CI) (95% CI) (95% CI)
Widal test*
 71.3 91.4 95.0 58.2
 (60.5-80.0) (77.6-97.0) (86.3-98.3) (45.0-70.3)
Typhidot M test**
 88.8 100 100 79.6
 (79.9-93.9) (90.1-100) (94.9-100) (65.5-88.9)
Diazo test***
 80 85.7 92.8 65.2
 (69.9-87.3) (70.6-93.4) (84.1-96.9) (50.8-77.3)
* positive Widal in cases = 57, positive Widal in controls = 3
** positive typhidot M in cases = 71, positive typhidot M in controls = 0
*** positive Diazo in cases = 64, positive Diazo in controls = 5
Table 4. Comparative evaluation of various tests in the first week of illness
Diagnostic tests
 Sensitivity % Specificity %  PPV %  NPV % 
 (95% CI) (95% CI) (95% CI) (95% CI)
Blood culture#
 31 100 100 63.6
 (17.3-49.23) (91.1-100) (70.1-100) (50.4-75.1)
Widal test*
 41.4 91.4 80 65.3
 (25.5-59.26) (77.6-97.0) (54.8-92.9) (51.3-77.1)
Typhidot M test**
 86.2 100 100 89.7
 (69.4-94.5) (90.1-100) (86.7-100) (76.4-95.9)
Diazo test***
 79 85.7 82.1 83.3
 (61.6-90.2) (70.6-93.7) (64.4-92.1) (68.1-92.1)
# positive blood culture in cases = 9, positive blood culture in controls = 0
* positive Widal in cases = 12, positive Widal in controls = 3
** positive typhidot M in cases = 25, positive typhidot M in controls = 0
*** positive Diazo in cases = 23, positive Diazo in controls = 5
the most sensitive and specifi c test (88.8% and 100%) while 
Diazo and Widal test had a sensitivity of 80% and 71.3% and 
specifi city of 85.9% and 91.4%, respectively. The results of all 
diagnostic tests in patients presenting in the fi rst week of ill-
ness were compared and it was found that the sensitivity of 
typhidot M, Diazo test, blood culture, Widal test was 86.2%, 
79%, 31%, 41.4%, respectively (Table 4).
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DISCUSSION
In our study culture positivity among clinically suspected ty-
phoid cases was 27.3% and 31% in those who came for care in 
the fi rst week. Culture positivity reported in other studies varies 
from 14.3% to 67.8%.18-21 While the lower values in our study 
could be due to the rampant use of antibiotics by private prac-
titioners, the fact remains that in the majority of the studies the 
culture yield was around 40%.22-25 This value is too low to satisfy 
the criterion of a diagnostic test, irrespective of the reasons for 
its low yield. Nonetheless, blood culture is the foolproof meth-
od for the diagnosis of typhoid fever and hence a substitute has 
to be validated against it. Furthermore, the feasibility of a test 
has to be taken into account. The idea of the study was to fi nd 
the utility of various available tests as applied to various levels 
of health care, especially the resource poor settings. Typhidot M 
test is based on IgM antibodies which appear in detectable titers 
as early as the second day of illness. It showed sensitivity of 90% 
and specifi city of 100% in blood culture proved cases. In simple 
words, we could pick up 9 out of 10 cases of true typhoid fever 
vis-à-vis blood culture which could pick up only 2.7 out of 10 
cases. Even in the fi rst week of illness when blood culture is sup-
posed to have maximum positivity, the ratio proportion was 
only marginally different, i.e. blood culture could pick up 3.1 
out of 10 cases as against typhidot M which picked up 8.6 out of 
10 cases of true typhoid. So typhidot M is a reasonable substitute 
for blood culture having good correlation. However, it has limita-
tions due to high cost and laboratory technique involved.
The Diazo test had a sensitivity of 86.7% which was com-
parable to previous studies,26,27 but false positivity of 14.3% 
is rather high. However, the test is much simpler than blood 
culture, typhidot M and Widal test. Thus, it can be used in re-
source poor settings and primary health centers. If we consider 
substituting Diazo for Widal, we fi nd that Diazo has better sen-
sitivity, specifi city, PPV, NPV of 86.7%, 85.7%, 83.9%, 88.2%, 
respectively, among culture positive cases. In simple terms, the 
Diazo test was able to pick up about 8 out of 10 cases of ty-
phoid fever in the fi rst week of illness as compared to Widal 
which could pick up only 4 out of 10 cases. The specifi city of 
Widal test seen in such an early period was high (91.4%) prob-
ably because we had excluded the common causes of fever like, 
tuberculosis, malaria, sepsis, pneumonia, UTI.
CONCLUSION
Both typhidot M and Diazo tests are good screening tests 
for the diagnosis of typhoid fever. Typhidot M is superior 
to Diazo, but the latter is more suitable to resource poor set-
tings as it is economic and easy to perform.
ACKNOWLEDGEMENTS
We are grateful to Ms. Shazia Parwez,B.A.,M.B.A. for review-
ing the English manuscript.
REFERENCES
1. Ivanoff B. Typhoid fever: global situation and WHO rec-
ommendations. Southeast Asian J Trop Med Public Health 
1995;26:Suppl 2:1-6.
2. Sherwal BL, Dhamija RK, Randhwa VS, Jais M, Kaintura A, 
Kumar M. A comparative study of Typhidot M and widal test 
in patients of Typhoid fever. Journal of Indian Academy of 
Clinical Medicine 2004;5(3):244-6.
3. Olopoenia LA, King AL. Widal agglutination test -100 years lat-
er: still plagued by controversy. Postgrad Med J2000;76:80–4
4. De Villier AB. Comparative study of typhoid antigens. Am J 
Clin Pathol 1965; 44:410-2.
5. Chew SK. Diagnostic value of Widaltestfor typhoid fever in 
Singapore. J Trop Med Hygiene 1992; 95(4):288-291
6. Schroeder S. Interpretation of serologic tests for typhoid fever. 
JAMA 1968;208:839-40.
7. Koeleman JG. Retrospective study to determine the diagnostic 
value of widaltestin nonendemic country. Eur J Clin Microbiol 
Infect Dis 1992; 167-0.
8. Buck RL, Escanilla J, Sangalang RP, CabanganAB, Santiago LT. 
Diagnostic value of single, pre-treatment widaltestin suspect-
ed enteric fever cases in thePhilippines. Trans Royal Soc Trop 
Med Hygiene 1987; 81:871-873.
9. Choo KE, Razif AR, Oppenheimer SJ, Ariffi n WA, Lau J, Ab-
raham T. Usefulness of Widaltestin diagnosing childhood ty-
phoid fever in endemic area. J Pediatr Child Health Care 1993; 
29(1):36-39.
10. Basaca-Sevilla V, Pastrana E, Cross JH, Balagot R. The sig-
nifi cance of the Widal tests. Phil J Microbiol Infect Dis 1979; 
8(2):96-108.
11. Kiot S, Jorgensen J, Buckwold F, Craven D. Typhoid fever, an 
epidemic with remarkably few clinical signs and symptoms. 
Arch Intern Med 1984; 144:53-5
12. Barret TJ, Shyder JD, Blake PA, Feeby JC. Enzyme linked im-
munoabsorbent assay for detection of salmonella typhi Vi an-
tigen from typhoid patients. J Clin Microbiol 1982:15:235-7.
13. Fadeel MA, Crump JA, Mahoney FJ, Nakhla LA, Manestua 
AH, Reyaa B et al. Rapid diagnosis of Typhoid fever by en-
zyme linked immunoabsorbent assay detection of Salmo-
nella serotype typhi antigen in urine. Am J Trop Med Hyg 
2004:70:323-8.
14. Ayse Wilke, Onden Ergonal, Banu Bayan. Widal test in diagno-
sis of typhoid fever inTurkey. Clinical and Dignostic Labora-
tory Immunology: July 2002:Vol 9;938-941.
15. Bhutta ZA., Khan IA, and Molla AM. Therapy of multidrugre-
sistant typhoid fever with oral cefi xime vs intravenous ceftri-
axone. Pediatr. Infect. Dis. J. 1994. 13:990–994
16. Bhutta ZA, Mansur Ali N. Rapid serological diagnosis of pedi-
atric typhoid fever in an endemic area: a prospective com-
parative evaluation of two dot-enzyme immunoassays and the 
Widal test. Am J Trop Med Hyg 1999;61(4):654-7.
17. Ferdin AM. The clinical utility of Typhidot M in the diagnosis 
of typhoid fever. Phil J Micro Infect Dis 1999;28(1):1-4
18. Siddiqui FJ, Rabbani F, Hasan R, Nizami SQ, Bhutta ZA. 
Typhoid fever in children: some epidemiological consid-
erations from Karachi, Pakistan. Int J Infect Dis. May 2006; 
10(3):215-222. Epub 2006 Jan 23
19. Ferdin A Membrebe MD and Jennifer A Chua MD. The Clini-
cal Utility of Typhidot M in the Diagnosis of Typhoid Fever. 
Phil J Microbiol Infect Dis 1999;28(1):1-4
20. Itah AY, Uweh EE. Bacteria isolated from blood, stool and 
urine of typhoid patients in a developing country.Southeast 
Asian J Trop Med Public Health. May 2005;36(3):673-7
Typhidot M and Diazo test vis-à-vis blood culture and Widal test in the early diagnosis of typhoid fever in children in a resource poor setting
593Braz J Infect Dis 2010; 14(6):589-593
21. Sherwal BL, Dhamija V, Randhawa VS, Jais V, Kaintura A, 
Kumar M. A Comparative Study of Typhidot M and Widal 
Test in Patients of Typhoid Fever. Journal of Indian Acad-
emy of Clinical Medicine2004;5(3):244-246
22. V Gopalakrishnan, WY Sekhar, EH Soo, RA Vinsent, S Devi.
Typhoid Fever inKuala Lumpurand a Comparative Evalu-
ation of Two Commercial Diagnostic Kits for the Detection 
of Antibodies to Salmonella typhi. Singapore Med J 2002 Vol 
43(7):354-8
23. Begum Z, Hossain MA, Musa AK,Shamsuzzaman AK, Mahmud 
MC, Ahsan MM, Sumona AA et al. Comparison between 
DOT EIA IgM and Widal Test as early diagnosis of typhoid 
fever. Mymensingh Med J. Jan 2009;18(1):13-17
24. Abucejo PE, Capeding MR, Lupisan SP et al. Blood cul-
ture confirmed typhoid fever in a provincial hospital 
in the Philippines. Southeast Asian J Trop Med Public 
Health2001;32(3):531-6.
25. Kawano RL, Leano SA, Agdamag DMA. Comparison of Se-
rological Test Kits for Diagnosis of Typhoid Fever in the 
Philippines Journal Of Clinical Microbiology Jan.2007; 
45(1):246–7.
26. Huckstep RL. Typhoid Fever and other Salmonella infec-
tions. Edinburgh, Livingstone, 1962, pp 70-78.
27. Shivpuri D, Dayal HS, Jain D. Diazo test in Typhoid fever. 
Indian Pediatrics 2003; 40:270-1.
Beig, Ahmad, Ekram et al.
